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RANKING SEARCH RESULTS USING FIG . 1B depicts a distributed online system , in accordance 

MACHINE LEARNING BASED MODELS with an embodiment . 
FIG . 2 depicts a block diagram flow process including the 

CROSS REFERENCE TO RELATED application of multiple models for selecting records , in 
APPLICATIONS 5 accordance with an embodiment . 

FIG . 3A depicts an overall flow process for providing 
This application claims the benefit of U.S. Provisional ranked search results in response to a search query , in 

Application No. 62 / 407,444 filed on Oct. 12 , 2016 and U.S. accordance with an embodiment . 
Provisional Application No. 62 / 408,003 filed on Oct. 13 , FIG . 3B depicts a flow process of applying a third 
2016 , the contents of each of the above referenced applica 10 machine learning model , in accordance with an embodi 

ment . tions incorporated by reference in their entirety . 

TECHNICAL FIELD DETAILED DESCRIPTION 

15 This disclosure generally relates to ranking search results , The figures and the following description relate to pre 
and more specifically to the application of machine learning ferred embodiments by way of illustration only . It should be 

noted that from the following discussion , alternative based models for ranking search results that can be provided embodiments of the structures and methods disclosed herein in response to a search query . will be readily recognized as viable alternatives that may be 
20 employed without departing from the principles of what is BACKGROUND claimed 

Reference will now be made in detail to several embodi Online systems often store large amount of data for ments , examples of which are illustrated in the accompany enterprises . An online system may store data for a single ing figures . It is noted that wherever practicable similar or 
enterprise or for multiple enterprises . For example , a multi- 25 like reference numbers may be used in the figures and may 
tenant system stores data for multiple tenants , each tenant indicate similar or like functionality . For example , a letter 
potentially representing an enterprise . The data stored by an after a reference numeral , such as " service 115A , ” indicates 
online system for an enterprise includes records representing that the text refers specifically to the element having that 
various entities associated with the entity , for example , user particular reference numeral . A reference numeral in the text 
accounts , tasks and projects , documents , communications 30 without a following letter , such as " service 115 , ” refers to 
between users , media objects , and so on . Users of such any or all of the elements in the figures bearing that 
online systems encounter a common problem when search reference numeral ( e.g. “ service 115 ” in the text refers to any 
ing for information . Online systems typically provide search one or combination of reference numerals " service 115A , " 
functionality , for example , based on an enterprise search “ service 115B , ” or “ service 115C ” in the figures ) . 
engine . Online systems aim to effectively identify and rank 35 
search results representing information that a user is search Overall System Environment 
ing for , so as to present the user with the most relevant 
information . FIG . 1A depicts an overall system environment 100 for 
However , conventional techniques used by online sys providing records in response to a search query , in accor 

tems for identifying and ranking search results are either 40 dance with a first embodiment . The overall system environ 
slow because they are very computation intensive or present ment 100 can include one or more client devices 110 and an 
poor quality results . For example , some online systems do online system 150. In some embodiments , additional or 
not process all relevant information to rank data and there fewer devices and / or systems are present in the system 
fore provide poorly ranked search results even though these environment 100. For example , although the embodiment 
online systems return the search results to the user fast . 45 depicted in FIG . 1 shows three client devices 110 , in other 
Poorly ranked search results make it difficult for a user to embodiments the environment 100 may include other num 
find the relevant information since the user is forced to bers of client devices 110. As another example , different 
manually review all search results to identify the relevant modules within the online system may be executed as 
ones . On the other hand , online systems that consider all separate systems or servers . 
relevant information for ranking search results require sig- 50 In one embodiment , the user interaction module 140 and 
nificant computational resources , especially given the large the user account store 145 may execute as separate server in 
amount of data stored by online systems . Therefore , con the system environment 100 and provide information per 
ventional techniques for ranking search results are either taining to users , to the online system 150. In this embodi 
very computationally intensive and therefore slow , or they ment , an enterprise may operate the online system 150 to 
provide poorly ranked search results , thereby providing a 55 provide enterprise search functionality and facilitate user 
poor user experience . interactions between users of the online system 150. In this 

scenario , users of the online system 150 can create and 
BRIEF DESCRIPTION OF THE DRAWINGS access records of the online system 150 . 

Generally , a client device 110 provides a search query to 
The disclosed embodiments have advantages and features 60 an online system 150 and in response to the search query , the 

which will be more readily apparent from the detailed online system 150 analyzes available records and returns , to 
description , the appended claims , and the accompanying the client device 110 , selected search results and ranking 
figures ( or drawings ) . A brief introduction of the figures is information corresponding to the selected search results . As 
below . used hereafter , selected search results refers to a subset of 

FIG . 1A depicts an overall system environment for pro- 65 records selected from the records stored by the online 
viding search results in response to a search query , in system 150. Examples of a record can be information about 
accordance with an embodiment . a contact ( e.g. , name , contact information ) , a communica 
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tion record ( e.g. , an email , text , phone call , video call ) , or a system , for example , a Microsoft Windows - compatible 
data record ( e.g. , a file , a document , or an executable operating system ( OS ) , Apple OS X , and / or a Linux distri 
application ) . For example , a record can include the content bution . In another embodiment , the client device 110 can be 
of a document as well as metadata describing the document . any device having computer functionality , such as a personal 
The metadata can describe one or more users associated with 5 digital assistant ( PDA ) , mobile telephone , smartphone , etc. 
the document , the last modified date of the document , the The client device 110 may execute instructions ( e.g. , 
creation date of the document , and so on . computer code ) stored on a computer - readable storage 

The online system 150 applies multiple models to identify medium . The client device 110 may include one or more 
records stored in the online system 150 that are likely to be executable applications , such as a web browser , to interact 
of interest to the user . In one embodiment , the online system with services and / or content provided by the online system 
150 applies the multiple models in a successive manner . For 150. In another scenario , the executable application may be example , a first model can analyze available records stored a particular application designed by the online system 150 in the online system 150 and output a first set of candidate and locally installed on the client device 110. In one sce search results . The identified candidate set of search results can be further analyzed by a second model which outputs a 15 nario , a user of the client device 110 may register with the 
second set of candidate search results . The second set of online system 150 using a user identifier and password . 
candidate search results represents a subset of search results Generally , a client device 110 enables a user to provide 
in the first set of candidate search results . Thus , through the search queries to the online system 150 and allows the user 
application of multiple models , the online system 150 to access records that are stored by the online system 150 . 
whittles down the records stored in the online system 150 to 20 In some embodiments , a client device 110 communicates on 
select a set of search results to be provided to the client behalf of the user with the user interaction module 140. In 
device 110 . doing so , a user can interact with other users of the online 
Generally , the online system 150 successively applies system 150. Referring to the modules of the client device 

models that are of increasingly complexity . In other words , 110 , the client device 110 includes a user interface module 
a first model that analyzes a large number of records is of the 25 120 and a data transmission module 125 for enabling these 
lowest complexity and therefore , consumes a small amount functions . 
of computational resources to analyze each record . A second The user interface module 120 may be an interface that 
model can be of higher complexity in comparison to the first receives user inputs from a user . As one example , the user 
model and therefore , consumes more computational interface module 120 can communicate with a screen , such 
resources to more accurately analyze each record . 30 as a display screen or a touch screen . As another example , 

Each model can be designed to analyze different features . the user interface module 120 can communicate with a 
For example , a model can consider features that describe different input device such as a mouse or keyboard . There 
how popular a record is ( e.g. , number of views ) . As other fore , a user can provide user inputs that the user interface 
examples , a model can analyze features that are associated module 120 provides to the data transmission module 125 . 
with a user that provided the search query , features that are 35 In one embodiment , the user interface module 120 receives 
associated with the search query , of features associated with user inputs that specify a search query . The search query can 
the content of the record . Altogether , the online system 150 then be transmitted to the online system 150. In another 
selects records based on the analysis of the multiple models embodiment , the user interface module 120 receives user 
and further generates a ranking of the selected records . The inputs for interacting with other users of the online system 
online system 150 provides a query response that includes 40 150. For example , such user inputs may be communications 
the selected records and the ranking of the selected records with another user of the online system 150 such as an email , 
to the client device 110 in response to the search query . text , phone call , instant message , video conference , and the 

like . These user communications are provided to the online 
Network system 150 . 

The user interface module 120 further organizes and 
The network 130 facilitates communications between the presents data to the user . As an example , the user interface 

client device 110 and the online system 150. The network module 120 receives the search results selected by the online 
130 may be any wired or wireless local area network ( LAN ) system 150 in response to search query . The user interface 
and / or wide area network ( WAN ) , such as an intranet , an module 120 organizes the search results according to rank 
extranet , or the Internet . In various embodiments , the net- 50 ing information provided by the online system 150. The user 
work 130 uses standard communication technologies and / or interface module 120 provides the search results in their 
protocols . Examples of technologies used by the network ranked order to a display screen for display to the user . As 
130 include Ethernet , 802.11 , 3G , 4G , 802.16 , or any other another example , the user interface module 120 presents 
suitable communication technology . The network 130 may user interactions from the online system 150 such as an 
use wireless , wired , or a combination of wireless and wired 55 email , text , phone call , instant message , and the like . 
communication technologies . Examples of protocols used The data transmission module 125 provides data to the 
by the network 130 include transmission control protocol / online system 150 on behalf of the user of the client device 
Internet protocol ( TCP / IP ) , hypertext transport protocol 110. In some embodiments , the data transmission module 
( HTTP ) , simple mail transfer protocol ( SMTP ) , file transfer 125 provides a search query to the online system 150 that 
protocol ( TCP ) , or any other suitable communication pro- 60 includes details such as a specification of a name , an entity , 
tocol . a title , a date ( e.g. , creation date of the record ) , or a record 

type . In various embodiments , a search query sent by the 
Client Device data transmission module 125 is further associated with 

information of the user . For example , information of the user 
The client device 110 may be an electronic device such as 65 can identify the user such as a user identifier , email address , 

a personal computer ( PC ) , a desktop computer , a laptop name , and the like . Altogether , the details included in the 
computer , a notebook , a tablet PC executing an operating search query and the information of the user associated with 

45 
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the search query enables the online system 150 to analyze forming these functions . As an example , as opposed to the 
and return search results that are most suited for the user . three application modules ( e.g. , the level 1 model applica 

In some embodiments , the data transmission module 125 tion module 170 , the level 2 model application module 175 , 
provides user actions on behalf of the user to the online and the level 3 model application module 180 ) depicted in 
system 150. A user action can include an identification of a 5 FIG . 1A , the online system 150 may include fewer ( e.g. , 
user of the client device 110 , one or more identification two ) or additional model application modules that succes 
corresponding to one or more additional users of the online sively apply models for narrowing and ranking records of 
system 150 , and a payload of the user action . Specifically , if the online system 150 . 
a user action is a user communication , such as an email , the The user interaction module 140 enables users of the 
user action includes an identification of the user sending the 10 online system 150 to interact with each other . In some 
email , identifications of one or more users that the email is embodiments , the user interaction module 140 receives user 
being sent to , and a message of the communication ( e.g. , communications from the client device 110 and executes the 
payload of the user action ) . In another embodiment , the user communications such that the users involved in the com 
action may be a request to access a record stored by the munication are able to interact with one another . For 
online system 150. Therefore , the user action provided by 15 example , the user interaction module 140 receives an email 
the data transmission module 125 can include an identifi from the client device 110 and executes the appropriate 
cation of the user of the client device 110 that is requesting application programming interfaces ( APIs ) such that users 
access to a record , an identification of a user that provided that are addressed the email can receive , view , and respond 
the record , and an identification of the record ( e.g. , payload to the message of the email . 
of the user action ) . Altogether , the user action provided by 20 In various embodiments , the online system 150 stores 
the data transmission module 125 to the online system 150 information describing users and interactions between users 
enable the online system 150 to identify users that are of the online system 150 in a user account store 145. The 
involved in the user action . user account store 145 stores representations of each user of 

the online system 150. For example , the user account store 
System Architecture of the Online System 25 145 may store nodes that each represent a user of the online 

system 150. Each node can further be associated with 
The online system 150 is physically embodied as one or characteristics of the user of the online system 150. For 

more electronic devices having computer functionality . In example , each node can store a user's personal information 
some embodiments , the functions performed by the online such as the user's name , age , gender , demographic group , 
system 150 can be distributed across a cloud server or rack 30 socioeconomic status , and the like . 
server . In other words , the functions and algorithms per Furthermore , the user account store 145 can include 
formed by the online system 150 can be distributed across representations of interactions between two or more users . 
multiple processors and / or electronic devices . Such an For example , the user account store 145 may include edges 
embodiment is shown in FIG . 1B , which depicts a distrib that each connect two nodes representing user accounts . 
uted online system , in accordance with an embodiment . This 35 Each edge represents an interaction between a first user 
embodiment shown in FIG . 1B is described in further detail represented by the first node and a second user represented 
below . In some embodiments , the one or more processors or by the second node . In some embodiments , the online 
processor - implemented modules may be located in a single system 150 can record additional information within the user 
geographic location ( e.g. , within a home environment , an account store that relates to interactions between two users . 
office environment , or a server farm ) . In other example 40 Such additional information can include a frequency of 
embodiments , the one or more processors or processor interaction between two or more users or a duration of 
implemented modules may be distributed across a number of interaction between two or more users . 
geographic locations . 

In general , the online system 150 receives search queries Alternative Embodiment of the Online System 
from client devices 110 and provides selected search results 45 
back to the client device 110 in response to the search query . Reference is now made to FIG . 1B , which depicts a 
More specifically , the online system 150 generates and trains distributed online system 150 , in accordance with an 
multiple models that each analyze different sets of features . embodiment . In these embodiments , the one or more pro 
Thus , when a search query is received , the online system 150 cessors of the online system 150 and the functions per 
applies the multiple models in a successive manner to 50 formed by the processor - implemented modules of the online 
narrow down the records to a final , selected set of search system 150 are distributed . As shown in FIG . 1B , the 
results . The online system 150 can provide the selected modules of the online system 150 are divided into a service 
search results as well as ranking information of the selected 115A , a service 115B , and a service 115C . A service 115 may 
search results to the client device 110. In an embodiment , the execute on a separate server / system or may be a process 
online system 150 provides the selected search results in 55 within a server executing various other modules . In some 
order of the ranking to the client device 110. In another embodiments , the online system 150 may comprise other 
embodiment , the online system 150 uses the ranking to services 1151 , 115E , and so on . FIG . 1B depicts one 
determine a subset of the selected search results and send the embodiment where record similarity modules 165A / B and 
selected subset to the client device 110 . level 1 model application modules 170A / B are distributed 

To perform these functions , the online system 150 60 across the services 115A / B . Therefore , the functions per 
includes a user interaction module 140 , a user account store formed by each of the record similarity modules 165A / B and 
145 , a feature extraction module 155 , a model generation level 1 model application modules 170A / B can be per 
module 160 , a record similarity module 165 , a level 1 model formed in parallel . This may be beneficial for the purposes 
application module 170 , a level 2 model application module of rapidly processing a large number of records stored by the 
175 , a level 3 model application module 180 , and a query 65 online system 150. Thus , in the embodiment shown in FIG . 
response module 185. In some embodiments , the online 1B , each of the record similarity module 165A / B and level 
system 150 includes fewer or additional modules for per 1 model application module 170A / B of the service 115A / B 
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can process records and provide the results of the processing between the user and an additional user that originally 
to the service 115C . The level 2 model application module provided the record , and interactions between the user and 
175 in service 115C is applied to the results of the processing additional users that are related to the record ( i.e. , an email 
conducted by the level 1 model application modules 170A / B communication between users that includes the record as an 
and provided by the distributed services 115A / B . 5 attachment ) . The feature extraction module 155 provides the 

In other embodiments , the processor - implemented mod extracted features to the model generation module 160 for 
ules of the services 115A / 115B / 115C can be differently training the multiple machine learning models . 
distributed . For example , instead of having the functions of The model generation module 160 generates and trains 
the record similarity module 165A / B and level 1 model each machine learning model based on historical data . In an 
application module 170A / B distributed across the services 10 embodiment , each machine learning model receives a set of 
115A / 115B , the functions of the level 2 model application search results as input and generates a score indicative of 
module 175 and / or the functions of the level 3 model each search result as output . Each input search result may be 
application module 180 can be distributed across services represented as a vector storing values of specific features of 
115A / 115B . Given the increased complexity of level 2 and the input search result and identifying the record corre 
level 3 models , distributing the functions performed by the 15 sponding to the search result . Generally , each machine 
level 2 model application module 175 and level 3 model learning model may be one of a linear regression , logistic 
application module 180 such that these records can be regression , neural network , support vector machine , deci 
parallel processed across the services 115A / B can increase sion tree , learning classifier , or Bayesian network . There 
the overall speed at which the records are analyzed . fore , the model generation module 160 may use different 

20 machine learning techniques to train a machine learning 
Generating and Training Machine Learning Models model including , but not limited to decision tree learning , 

association rule learning , artificial neural network learning , 
Referring back to FIG . 1A , the feature extraction module deep learning , sur ort vector machines ( SVM ) , cluster 

155 and the model generation module 160 perform the analysis , Bayesian algorithms , regression algorithms , 
functions for generating and training the machine learning 25 instance - based algorithms , and regularization algorithms . 
models . The trained machine learning models are stored in As described hereafter , the model generation module 160 
the model store 190 for later retrieval , such as when a search generates three machine learning models , referred to as a 
query is processed . level 1 model , level 2 model , and level 3 model . In other 

The feature extraction module 155 extracts features that embodiments , fewer ( e.g. , level 1 and level 2 machine 
are applied as input to each machine learning model for 30 learning model ) or additional models ( e.g. , four or more 
training the model . When training the machine learning machine learning models ) can be generated by the model 
models , the feature extraction module 155 extracts features generation module 160. In various embodiments , the model 
from a training dataset that can include training records and generation module 160 can generate multiple machine learn 
training search queries . ing models of different computational complexities . For 
As a first example , the feature extraction module 155 35 example , higher level models are of a higher computational 

extracts popularity features of a record which can include complexity in comparison to lower level models . Generat 
the total number of views for the record , a total number of ing , training , and executing a model of higher complexity 
views over a threshold period of time , and a number of other consumes more computational resources in comparison to 
records that are linked to the record . As a second example , generating and training a model of lower complexity . Spe 
the feature extraction module 155 extracts query features 40 cifically , the generation , training , and execution of the level 
from a search query provided by the client device 110 . 1 model consumes fewer computational resources in com 
Query features can include the time that the search query parison to the generation , training , and execution of either 
was sent , an identification of the user that is sending the the level 2 or level 3 model . For example , the level 1 model 
query , or a word / phrase included in the query , examples of may be a regression model , examples of which can be a 
which include an entity , a record type , or a title of a record . 45 linear , polynomial , or logistic regression model . The level 2 
As a third example , the feature extraction module 155 and level 3 models may each be a more complex model , such 
extracts record content features which can include a data as a neural network , support vector machine , decision tree , 
type in the record ( e.g. , Boolean , string , integer ) , one or learning classifier , or Bayesian network . In some embodi 
more text strings in the record , a creation time of the record , ments , the generating , training , and execution of the level 3 
a number of updates to the record , or an update time of the 50 model may consume more computational resources in com 
record . As a fourth example , the feature extraction module parison to the level 2 model . As one example , if the level 2 
155 extracts features that relate to users , such as the user of and level 3 models are neural networks , then the level 3 
the client device 110. These features are hereafter referred to model can include more layers in comparison to the level 2 
as social features . In various embodiments , the feature model . 
extraction module 155 accesses the user account store 145 of 55 Generally , when analyzing a record , each model is 
the online system 150 to extract social features correspond designed to receive one or more features as input . The model 
ing to the user of the client device 110. Examples of social outputs a score for the record , the score indicating a rel 
features of a record can include characteristics of the user , evance of the record for the user of the client device 110 that 
such as personal information including name , age , gender , provided the search query . Returning to the level 1 model , in 
demographic group , socio - economic status , and the like . 60 various embodiments , the model generation module 160 
Other examples of social features can include a number of provides one or more popularity features as input to the level 
interactions between the user and other users . In various 1 model . Therefore , an example output of the level 1 model 
embodiments , social features can relate to both a user and a may be expressed as : 
particular record . Specific examples of social features that 

First Score = d1 * 1 + 02x2 + . relate to both a user and a record include an indication of an 65 ... + Cntin 

interaction between the user and an additional user that wherein x , is an nth popularity feature and an is a weight 
originally provided the record , a frequency of interaction assigned to the nth popularity feature . As the model gen 
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eration module 160 trains the level 1 model across a training natively receive , as input , one or more of popularity features , 
dataset , it adjusts the weight assigned to each popularity query features , or record content features . 
feature . For example , for a training example where a user In some embodiments , each of the level 2 and level 3 
accessed a target record , thereby indicating an interest in the models can further receive , as input , features corresponding 
target record , the model generation module 160 adjusts the 5 to results outputted by the lower level models . For example , 
weights of the popularity features of the target record such the level 2 model can receive , as an input , a feature describ 
that the first score is higher to reflect the user interest . ing a ranking of the search results that were selected as a 
Referring now to the level 2 model , the model generation result of the analysis by the level 1 model . Additionally , the 

module 160 provides one or more query features and one or level 3 model can receive , as input , a feature describing a 
more record content features as input to the level 2 model . 10 ranking of the search results that were selected as a result of 
In various embodiments , the model generation module 160 the analysis by either the level 1 model or the level 2 model . 
provides additional features to the level 2 model that are a In these embodiments , each of the level 2 and level 3 models 

can consider the analysis of lower level models . In other combination of query features and record content features . embodiments , each higher level model analyzes the search As a specific example , the model generation module 160 15 results independent of the analysis of lower level models . generates an additional feature as the difference between a In various embodiments , the level 1 , level 2 , and level 3 time that the search query was submitted ( i.e. query feature ) models are trained independently from one another . There and a most recent time that the record was updated ( i.e. fore , each model can be trained on a separate training 
record content feature ) . In various embodiments , the level 2 dataset . In these embodiments , the feature extraction module 
model can further receive social features . Altogether , the 20 155 extracts popularity features from a training dataset 
model generation module 160 trains the level 2 model across corresponding to the level 1 model , query features and 
a training dataset . record content features from a training dataset correspond 

In various embodiments , the model generation module ing to the level 2 mo and social features from a training 
160 trains a level 2 model that is specific for an organization , dataset corresponding to the level 3 model . The model 
for example , an enterprise that is a tenant of a multi - tenant 25 generation module 160 trains each model using the corre 
system . An example of an organization can be a third party sponding extracted features and output labels of each cor 
system such as a retailer , a company , an individual , or a responding training dataset . 
group . In such embodiments , the model generation module In other embodiments , the level 1 , level 2 , and level 3 
160 trains the level 2 model across training datasets that are models are trained using the same training dataset . In these 
specific for the organization . Training datasets specific for 30 embodiments , the feature extraction module 155 extracts 
the organization can be provided to the online system 150 by popularity features , query features , record content features , 
the organization . and social features from the training dataset and the model 

In other embodiments , the model generation module 160 generation module 160 trains each of the level 1 , level 2 , and 
trains a level 2 model that is specific for an entity type . An level 3 models using the output labels of the training dataset . 
example of an entity type is the type of record , for example , 35 
a data record comprising a document , a user account , or an Applying Machine Learning Models for Identifying 
opportunity record storing information describing a poten and Ranking Records 
tial transaction . In such embodiments , the model generation 
module 160 trains the level 2 model across training datasets The online system 150 applies multiple machine learning 
that are specific for the entity type . In some embodiments , 40 models for identifying and ranking records and then pro 
the training datasets are provided by the entity . vides the identified records and ranking information of the 
Referring now to the level 3 model , the model generation records to a client device 110. Generally , the online system 

module 160 provides one or more social features as input to 150 performs the steps of identifying and ranking records in 
the level 3 model . The model generation module 160 trains response to a search query provided by the client device 110 . 
the level 3 model across a training dataset . In various 45 Therefore , a user of the client device 110 can access a 
embodiments , the level 3 model is trained for a group of relevant , ranked list of records . Referring to FIG . 1A , the 
users . For example , a group of users can share a common feature extraction module 155 , record similarity module 
characteristic which can be personal information of the users 165 , level 1 model application module 170 , level 2 model 
such as age range , a demographic group , a socio - economic application module 175 , level 3 model application module 
status , or gender . Other examples of a characteristic of a 50 180 , and query response module 185 perform the functions 
group of users can be a common organization that the group of identifying , ranking , and providing selected search results 
of users is associated with ( e.g. , employees of an organiza to a client device 110 in response to a search query . Gen 
tion or fans of an organization ) or a common professional erally , the record similarity module 165 performs a first 
title ( e.g. , chief executive officer , chief technology officer , similarity analysis on a large number of records in the record 
manager , and the like ) of users in the group . In such 55 store 195 to identify a set of relevant search results that 
embodiments , the model generation module 160 trains the satisfy a search criteria of the search query . The feature 
level 3 model across training datasets that are specific for the extraction module 155 extracts features from these relevant 
characteristic of the group of users . search results that each of the level 1 model application 

The above description provides one embodiment in which module 170 , level 2 model application module 175 , and 
particular features are provided as input to each of the level 60 level 3 model application module 180 provide as input to 
1 , level 2 , and level 3 models . In other embodiments , the their respective machine learning models . In doing so , the 
level 1 model can additionally or alternatively receive , as online system 150 successively narrows down records to a 
input , one or more of query features , record content features , set of selected search results that the query response module 
and social features . In some embodiments , the level 2 model 185 provides to the client device 110 in response to the 
can additionally or alternatively receive , as input , one or 65 search query . 
more of popularity features and social features . In some The feature extraction module 155 extracts features that 
embodiments , the level 3 model can additionally or alter can be used by each of the record similarity module 165 , 
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level 1 model application module 170 , level 2 model appli query can be assigned a high level of similarity whereas 
cation module 175 , and level 3 model application module records in the record store 195 that do not include words 
180. Reference is now made to FIG . 2 , which depicts a block specified by the search query can be assigned a low level of 
diagram flow process including the application of multiple similarity . The record similarity module 165 identifies a set 
models for selecting search results , in accordance with an 5 of relevant search results , where each relevant record in the 
embodiment . In various embodiments , the feature extraction identified set of relevant search results is assigned a level of 
module 155 extracts query features 235 from a search query similarity that is above a threshold level of similarity . In 
and provides the query features 235 to the record similarity some embodiments , the record similarity module 165 ranks 
module 165. The record similarity module 165 can use the the records based on their levels of similarities and includes 
query features 235 to identify search results relevant to the 10 a threshold number of the highest ranking records in the 

identified set of relevant records . 
The feature extraction module 155 accesses records from The level 1 model application module 170 analyzes the 

the record store 195 and for each accessed record , extracts relevant search results identified by the record similarity 
popularity features 215 of the record . In one embodiment , module 165 and generates scores for the relevant records 
the feature extraction module 155 accesses and extract 15 such that relevant search results can be narrowed down into 
popularity features 215 from records from the record store a 1st set of candidate search results 220. In various embodi 
195 that the record similarity module 165 has identified as ments , the level 1 model application module 170 retrieves a 
relevant search results . The functions performed by the level 1 model from the model store 190 and applies the level 
record similarity module 165 are described below . Addition 1 model to popularity features of each relevant search result . 
ally , the feature extraction module 155 extracts record 20 As stated above , the level 1 model may be a model of low 
content features 245 from records in the record store 195. In computational complexity ( e.g. , a regression model such as 
various embodiments , the feature extraction module 155 a linear , polynomial , or logistic regression ) . Therefore , the 
extracts record content features 245 from records that are level 1 model can be applied to a large number of records , 
categorized in the 1st set of candidate search results 220 . given that fewer computational resources are consumed by 
Additionally , the feature extraction module 155 extracts 25 applying a level 1 model of low computational complexity 
social features 255 by accessing the user account store 145 as opposed to applying a more complex model ( e.g. , level 2 
of the online system 150. In various embodiments , the or level 3 model ) to a large number of records . 
feature extraction module 155 extracts social features 255 The level 1 model outputs a score for each relevant record 
that are related to records that are categorized in the 2nd set by analyzing the popularity features 215 of the relevant 
of candidate search results 240 and related to the user of the 30 record . In various embodiments , the level 1 model applica 
client device 110 that provided the search query . tion module 170 ranks the relevant search results based on 

In various embodiments , the feature extraction module the score of each relevant search result outputted by the level 
155 provides the extracted popularity features for each 1 model . A threshold number of the top ranking search 
record to the level 1 model application module 170 such that results are included in the 1st set of candidate search results . 
the extracted popularity features can be provided as input to 35 In another embodiment , all search results associated with an 
a level 1 model . In various embodiments , the feature extrac outputted score that is above a threshold score are included 
tion module 155 provides the extracted query features and in the 1st set of candidate search results . The level 1 model 
the extracted record content features to the level 2 model application module 170 provides the 1st set of candidate 
application module 175 such that the extracted query fea search results 220 to the level 2 model application module 
tures and extracted record content features can be provided 40 175. In various embodiments , the level 1 model application 
as input to a level 2 model . In various embodiments , the module 170 further provides the ranking of the search results 
feature extraction module 155 provides the extracted social in the 1st set of candidate search results 220 to the level 2 
features to the level 3 model application module 180 such model application module 175 such that the rankings can be 
that the extracted social features can be provided as input to further considered by the level 2 model as an additional 
a level 3 model . In some embodiments , the feature extrac- 45 feature . 
tion module 155 provides each of popularity features , query The 1st set of candidate search results 220 are analyzed by 
features , record content features , and social features to each the level 2 model application module 175 to generate a 
of the level 1 model application module 170 , level 2 model set of candidate search results 240. The 2nd set of candidate 
application module 175 , and level 3 model application search results 240 represents a subset of search results in the 
module 180 such that each of the application modules 170 , 50 1st set of candidate search results 220. Specifically , the level 
175 , and 180 can apply the appropriate features as input to 2 model application module 175 retrieves a level 2 model 
the corresponding machine learning module . from the model store 190. In one embodiment , the level 2 

Referring to the record similarity module 165 , it analyzes model application module 175 analyzes the query features 
the large number of records in the record store 195 and 235 to identify an entity specified by the search query . 
identifies a set of relevant search results from the record 55 Therefore , the level 2 model application module 175 can 
store 195 that have a threshold level of similarity to the retrieve the appropriate level 2 model that was previously 
search query . Specifically , the record similarity module 165 trained for the entity . 
considers the one or more query features 235 of the search For each record in the 1st set of candidate records , the 
query and calculates a numerical statistic for each record in level 2 model application module 175 provides query fea 
the record store 195 that is representative of a level of 60 tures 235 and record content features 245 of the record as 
similarity between the record and the search query . input to the level 2 model . As stated above , the level 2 model 
An example of a numerical statistic calculated by the may be more complex than the level 1 model . Altogether , the 

record similarity module 165 is a term frequency - inverse application of the level 2 model on the features of a search 
document frequency ( TF - IDF ) of one or more words that are result consumes additional computational resources in com 
included in the search query and the record . Therefore , 65 parison to the application of the level 1 model on the features 
records in the record store 195 that include multiple occur of a search result . Of note , the level 2 model analyzes fewer 
rences of one or more words that are specified by the search search result ( e.g. , records in the 1st set of candidate search 

2nd 
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results ) in comparison to the level 1 model that analyzes a as selected search results 250. The level 3 model application 
larger number of search results ( e.g. , a set of relevant search module 180 further retains the ranking of the search results 
results ) . that are included as the selected search results 250. The 

The level 2 model outputs a score for each search result ranking of the records serve as the ranking information 260 . 
of the 1st set of candidate search results 220 based on the 5 Returning to FIG . 1A , the level 3 model application 
query features 235 and record content features 245 of the module 180 provides the selected search results 250 and the 
search result . In various embodiments , the level 2 model ranking information 260 to the query response module 185 . 
application module 175 ranks the search result in the 1st set The query response module 185 configures a query response 
of candidate search results 220 based on the score of each and provides the query response to the client device 110. In 
search result outputted by the level 2 model . A threshold 10 various embodiments , the query response includes indica 
number of top ranking search results are included in the 2nd tions of the selected search results 250. For example , an 
set of candidate search results 240. In another embodiment , indication of a selected record 250 can be a link , such as a 
all search results of the 1st set of candidate search results 220 uniform resource locator ( URL ) . Therefore , when the indi 
that are associated with an outputted score that is above a cation of the selected record 250 is selected , the selected 
threshold score are included in the 2nd set of candidate 15 record 250 itself can be provided to the client device 110. In 
search results 240 . other embodiments , the query response includes the selected 

The level 2 model application module 175 provides the search results 250 themselves and therefore , the client 
2nd set of candidate search results 240 to the level 3 model device 110 can display the selected search results 250 
application module 180. In various embodiments , the level without having to further interact with the online system 
2 model application module 175 further provides the ranking 20 150 . 
of the search results in the 2nd set of candidate search results In various embodiments , the query response configured 
240 to the level 3 model application module 180 such that by the query response module 185 includes instructions 
the rankings can be further considered by the level 3 model describing how the selected search results 250 or the indi 
as an additional feature . cations of the selected search results 250 are to be displayed 

The 2nd set of candidate search results 240 are analyzed by 25 by the client device 110. For example , the query response 
the level 3 model application module 180 to generate the can include the ranking information 260 of the selected 
selected search results 250 and ranking information 260 for search results 250. Therefore , the instructions of the query 
the selected search results 250. Generally , the selected response can specify the order in which the indications of the 
search results 250 represents a subset of search results in the selected search results 250 or the selected search results 250 
2nd set of candidate search results 240. Additionally , the 30 are to be presented based on the ranking information 260 . 
ranking information 260 specifies an order of presentation of 
the selected search results 250 when provided to the client Process for Identifying and Providing Records for a 
device 110 . Search Query 

The level 3 model application module 180 retrieves a 
level 3 model from the model store 190. In one embodiment , 35 FIG . 3A depicts an overall flow process for providing a 
the level 3 model application module 180 analyzes the social query response with selected search results in response to a 
features 255 to identify a characteristic of the user that search query , in accordance with an embodiment . The online 
submitted the search query . Therefore , the level 3 model system 150 receives 310 a search query from a client device 
application module 180 can retrieve the appropriate level 3 110. The search query can include a search criteria . The 
model that was previously trained for the characteristic . 40 online system 150 identifies 315 a set of search results that 
As stated above , the level 3 model may be more complex satisfy the search criteria of the search query . As an example , 

than the level 1 model . In various embodiments , the level 3 the online system 150 performs a TF - IDF analysis across the 
model is also more complex than the level 2 model . There records of the online system 150 based on one or more 
fore , the application of the level 3 model on the features of words that are included in the search query . 
a record consumes additional computational resources in 45 The online system 150 applies 320 a first machine learn 
comparison to the application of the level 1 model or the ing based model , such as a level 1 model , to popularity 
application of the level 2 model on the features of the record . features 215 of each search result in the identified set of 
Generally , the level 3 model analyzes fewer search results search results . The first model outputs a first score for each 
( e.g. , records in the 2nd set of candidate search results 240 ) search result . Based on the first score for each search result , 
in comparison to the level 1 model and the level 2 model that 50 the online system 150 identifies 325 a first set of candidate 
each analyze a larger number of search results ( e.g. , a set of search results 220. The search results in the first set of 
records in the record store 195 and records in the 1st set of candidate search results 220 represent a subset of search 
candidate search results 220 , respectively ) . results in the identified set of search results . 

For each search result in the 2nd set of candidate search The online system 150 further applies 330 a second 
results 240 , the level 3 model application module 180 55 machine learning based model , such as a level 2 model , to 
provides social features 255 of the search result as input to query features 235 and record content features 245 of each 
the level 3 model . The level 3 model outputs a score for each search result in the first set of candidate search results 220 . 
search result of the 2nd set of candidate search results 240 The second model outputs a second score for each search 
based on the social features 255 of the search result . In result in the first set of candidate search results 220. Based 
various embodiments , the level 3 model application module 60 on the second score for each search result , the online system 
180 ranks the search results in the 2nd set of candidate search 150 identifies 335 a second set of candidate search results 
results 240 based on the score of each search result outputted 240. The search results in the second set of candidate search 
by the level 2 model . A threshold number of top ranking results 240 represent a subset of search results in the first set 
search results are identified as the selected search results of candidate search results 220. The online system 150 can 
250. In another embodiment , all search results of the 2nd set 65 provide 340 a query response to the client device 110 that 
of candidate search results 240 that are associated with an includes indications of one or more search results from the 
outputted score that is above a threshold score are identified second set of candidate search results 240 . 
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In various embodiments , the online system 150 further architectures employing multiple processor designs for 
analyzes the search results in the second set of candidate increased computing capability . 
search results 240. Reference is made to FIG . 3B , which Embodiments of the invention may also relate to a prod 
depicts a flow process 345 of further analysis conducted by uct that is produced by a computing process described 
the online system 150. Specifically , the online system 150 s herein . Such a product may comprise information resulting 
performs steps 350 , 360 , and 370 following the identifica from a computing process , where the information is stored 
tion of the second set of candidate search results ( e.g. , step on a non - transitory , tangible computer readable storage 
335 ) and prior to providing the query response ( e.g. , step medium and may include any embodiment of a computer 
340 ) . program product or other data combination described herein . 

The online system 150 applies 350 a third machine 10 Finally , the language used in the specification has been 
learning based model , such as a level 3 model , to social principally selected for readability and instructional pur 
features 255 of each search results in the second set of poses , and it may not have been selected to delineate or 
candidate search results 240. The third model circumscribe the inventive subject matter . It is therefore 
score for each search result in the second set of candidate intended that the scope of the invention be limited not by this 
search results 240. Based on the third score for each search 15 detailed description , but rather by any claims that issue on 
result , the online system 150 identifies 360 selected search an application based hereon . Accordingly , the disclosure of 
results 250 and a ranking of the selected search results 250 . the embodiments of the invention is intended to be illustra 
The online system 150 generates 370 a query response that tive , but not limiting , of the scope of the invention , which is 
includes indications of the selected search results 250 and set forth in the following claims . 
the ranking of the selected search results 250. Therefore , the 20 What is claimed is : 
online system 150 can provide 340 the query response to the 1. A method comprising : 
client device 110 such that the client device 110 can display receiving , from a client device , a search query comprising 
the indications of the selected search results 250 in an order a search criteria and requesting documents matching 
according to the ranking of the selected search results 250 . the search criteria ; 

identifying , by an enterprise search engine , a set of search 
Additional Considerations results satisfying the search criteria specified in the 

uts a third 

25 

search query ; 
The foregoing description of the embodiments of the for each search result in the set of search results , provid 

invention has been presented for the purpose of illustration ; ing , by a processor , a first machine learning based 
it is not intended to be exhaustive or to limit the invention 30 model with popularity features as input ; 
to the precise forms disclosed . Persons skilled in the relevant for each search result in the set of search results , applying , 
art can appreciate that many modifications and variations are by the processor , the first machine learning based 
possible in light of the above disclosure . model generate a first score for the search result ; 

Some portions of this description describe the embodi identifying a first set of candidate search results as a 
ments of the invention in terms of algorithms and symbolic 35 subset of the set of search results , the subset determined 
representations of operations on information . These algo by ranking the set of search results based on the first 
rithmic descriptions and representations are commonly used score generated by the first machine learning based 
by those skilled in the data processing arts to convey the model ; 
substance of their work effectively to others skilled in the for each search result in the first set of candidate search 
art . These operations , while described functionally , compu- 40 results , providing , by the processor , a second machine 
tationally , or logically , are understood to be implemented by learning based model with query features describing 
computer programs or equivalent electrical circuits , micro the search query as input ; 
code , or the like . Furthermore , it has also proven convenient for each search result in the first set of candidate search 
at times , to refer to these arrangements of operations as results , applying , by the processor , the second machine 
modules , without loss of generality . The described opera- 45 learning based model to generate a second score for the 
tions and their associated modules may be embodied in search result ; 
software , firmware , hardware , or any combinations thereof . identifying a second set of candidate search results as a 
Any of the steps , operations , or processes described subset of the first set of candidate search results , the 

herein may be performed or implemented with one or more subset determined by ranking the set of search results 
hardware or software modules , alone or in combination with 50 based on the second score generated by the second 
other devices . In one embodiment , a software module is machine learning based model ; and 
implemented with a computer program product comprising providing , to the client device , a query response compris 
a computer - readable medium containing computer program ing indications of one or more search results from the 
code , which can be executed by a computer processor for second set of candidate search results . 
performing any or all of the steps , operations , or processes 55 2. The method of claim 1 , wherein applying the second 
described . machine learning based model consumes more resources of 

Embodiments of the invention may also relate to an the processor in comparison to applying the first machine 
apparatus for performing the operations herein . This appa learning based model . 
ratus may be specially constructed for the required purposes , 3. The method of claim 1 , wherein the first machine 
and / or it may comprise a general - purpose computing device 60 learning based model is a linear model , wherein the first 
selectively activated or reconfigured by a computer program score generated by the first machine learning based model 
stored in the computer . Such a computer program may be for a search result in the set of search results is a weighted 
stored in a non - transitory , tangible computer readable stor aggregate of scores corresponding to popularity features . 
age medium , or any type of media suitable for storing 4. The method of claim 1 , wherein the second machine 
electronic instructions , which may be coupled to a computer 65 learning based model is one of a neural network , support 
system bus . Furthermore , any computing systems referred to vector machine , decision tree , learning classifier , or Bayes 
in the specification may include a single processor or may be ian network . 
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5. The method of claim 1 , wherein identifying , by the for each search result in the set of search results , apply , by 
enterprise search engine , the set of search results satisfying the processor , the first machine learning based model to 
the search criteria specified in the search query , comprises : generate a first score for the search result ; 

generating a measure of similarity between a search result identify a first set of candidate search results as a subset 
and the search query provided by the client device ; and 5 of the set of search results , the subset determined by 

selecting the search result to be included in the set of ranking the set of search results based on the first score 
search results based on the generated measure of simi generated by the first machine learning based model ; 

for each search result in the first set of candidate search larity being above a threshold value . 
6. The method of claim 3 , wherein the measure of results , provide , by the processor , a second machine 

similarity between the search result and the search learning based model with query features describing query is the search query as input ; a term frequency - inverse document frequency of a keyword for each search result in the first set of candidate search specified in the search query . results , apply , by the processor , the second machine 7. The method of claim 1 , wherein applying the second learning based model to generate a second score for the machine learning based model to generate the second score search result ; for the search result further comprises providing record identify a second set of candidate search results as a 
content features of the search result as input to the second subset of the first set of candidate search results , the 
machine learning based model , and wherein the query subset determined by ranking the set of search results 
features of the search query comprise a time and a user based on the second score generated by the second 
associated with the search query . machine learning based model ; and 

8. The method of claim 7 , wherein applying the second provide , to the client device , a query response comprising 
machine learning based model to generate the second score indications of one or more search results from the 
for the search result further comprises ing a feature second set of candidate search results . 
describing a rank of the search result in the first set of 15. The non - transitory computer readable medium of 
candidate search results as input to the second machine 25 claim 14 , wherein the instructions that cause the processor 
learning based model . to apply the second machine learning based model consumes 

9. The method of claim 1 , further comprising : more resources of the processor in comparison to the 
for each search result in the second set of candidate search instructions that cause the processor to apply the first 

results , applying , by a processor , a third machine machine learning based model . 
learning based model to generate a third score for the 16. The non - transitory computer readable medium of 

claim 14 , wherein the instructions that , when executed by search result ; and 
identifying a selected set of search results based on the the processor , cause the processor to identify a set of search 

results that are relevant to the search query , the instructions third score generated for each search result in the that cause the processor to identify , by the enterprise search second set of candidate search results , 35 engine , the set of search results satisfying the search criteria wherein the indications of one or more search results in specified in the search query further comprises instructions the query response are indications of search results in that , when executed by the processor , cause the processor to : the selected set of search results . generate a measure of similarity between a search result 
10. The method of claim 1 , wherein the application of the and the search query provided by the client device ; and 

third machine learning based model consumes select the search result to be included in the set of search 
resources of the processor in comparison to the application results based on the generated measure of similarity 
of the first machine learning based model . being above a threshold value . 

11. The method of claim 9 , wherein the third machine 17. The non - transitory computer readable storage medium 
learning based model is applied to social features of a user of claim 14 , wherein the instructions that cause the processor 
associated with the client device that provided the search 45 to apply the second machine learning based model to 
query to generate the third score for each search result in the generate the second score further comprise instructions that , 
second set of candidate search results . when executed by the processor , cause the processor to 

12. The method of claim 1 , further comprising retrieving provide record content features of the search result as input 
the second machine learning based model based on an entity to the second machine learning based model and wherein the 
specified in the search query , wherein the second machine 50 query features of the search query comprise a time and a user 
learning based model is previously trained using a training associated with the search query . 
dataset provided by the entity . 18. The non - transitory computer readable storage medium 

13. The method of claim 1 , wherein the first machine of claim 14 , further comprising instructions that , when 
learning based model is applied to popularity features of executed by the processor , cause the processor to : 
search results in the set of search results in a parallel manner . 55 for each search result in the second set of candidate search 

14. A non - transitory computer readable storage medium results , apply , by a processor , a third machine learning 
comprising instructions that , when executed by a processor , based model to generate a third score for the search 
causes the processor to : result ; and 

receive , from a client device , a search query comprising identify a selected set of search results based on the third 
a search criteria and requesting documents matching 60 score generated for each search result in the second set 
the search criteria ; of candidate search results , 

identify , by an enterprise search engine , a set of search wherein the indications of one or more search results in 
results satisfying the search criteria specified in the the query response are indications of search results in 

the selected set of search results . 
for each search result in the set of search results , provide , 65 19. The non - transitory computer readable storage medium 
by a processor , a first machine learning based model of claim 18 , wherein the instructions that cause the processor 
with popularity features as input ; to apply the third machine learning based model consumes 

more 40 

search query ; 
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more resources of the processor in comparison to the 
instructions that cause the processor to apply the first 
machine learning based model . 

20. The non - transitory computer readable storage medium 
of claim 14 , further comprising instructions that , when 5 
executed by the processor , cause the processor to retrieve the 
second machine learning based model based on an entity 
specified in the search query , wherein the second machine 
learning based model is previously trained using a training 
dataset provided by the entity . 10 


